From the roots of Acronychia pedunculata (L.) Miq. (Rutaceae) collected in Taiwan, six known and three new acetophenones have been isolated. The new compounds were named acrophenones D (1), E (2), and F (3). Of the acetophenones isolated in this study, prenylacronylin (4) and acronyculatin D (10) exhibited significant inhibitory activity against 12-O-tetradecanoylphorbol 13-acetate-induced Epstein-Barr virus early antigen activation in Raji cells.
Acrophenone D (1) was obtained as a colorless oil and its molecular formula was determined as C 19 H 26 O 5 by HREIMS. UV bands were observed at  max 224, 292, and 332sh nm. The IR spectrum showed absorption bands due to a hydroxy group and a conjugated carbonyl group at  max 3430 and 1616 cm -1 , respectively. The 1 H NMR (CDCl 3 ) spectrum indicated signals of a methoxy ( 3.67) and acetyl ( 2.60) group, along with a hydrogen-bonded hydroxy group ( 13.17, 4-OH). The appearance of characteristic signals at  3.22 (2H, d, J = 7.3Hz), 5.14 (1H, m), 1.71 and 1.59 (each 3H, s) indicated the presence of a prenyl moiety in the molecule. Furthermore, two 3H-singlets at  1.29 and 1.30, methylene proton signals at  2.65 (1H, dd, J = 16.5, 6.1Hz) and 2.89 (1H, dd, J = 16.5, 4.9Hz), and a methine proton signal at  3.76 (1H, dd, J = 6.1, 4.9Hz) were observed. These signals, coupled with the 13 C NMR signals at 26.2 (t), 69.2 (d), 77.8 (s), 21.7 (q), and 25.2 (q), suggested the presence of a CH 2 -CH(OH)-C(CH 3 ) 2 group. In the HMBC experiment (Table 1) , the C-H long-range correlations of H-1' with C-4, C-5, and C-6 indicated the placement of the prenyl moiety at C-5. The C-H long-range correlations of H-1" with C-6, C-7, and C-8 indicated the placement of the 2,2-dimethyl-3hydroxydihydropyran ring at C-6/C-7. In the NOE experiments, irradiation of the methyl proton at  2.60 (H-2) resulted in a 6% area increase of 8-OCH 3 ( 3.67). Irradiation of the methoxy proton at 8-OCH 3 ( 3.67) resulted in a 1% area increase of H-1" ( 2.65) and a 2% area increase of H-1" ( 2.89). On the basis of the above results, the structure of acrophenone D was established as 1, except for the absolute stereochemistry.
Acrophenone E (2) was isolated as a colorless oil. The molecular formula (C 19 H 26 O 5 ) was found to be the same as that of 1 by HREIMS. The IR spectrum showed absorption bands due to hydroxy and conjugated carbonyl groups. The signal pattern of the 1 H NMR spectrum was similar to that of 1, except for the presence of the signals of a dihydrofuran ring bearing a 1-hydroxy-1methylethyl moiety at C-2" instead of the signals of the 2,2dimethyl-3-hydroxydihydropyran ring of 1. In the HMBC experiment (Table 1) , the C-H long-range correlations of H-1" with C-7 and C-8 indicated the placement of the dihydrofuran ring at C-6/C-7. The C-H long-range correlations of H-1' with C-4 and C-5 indicated placement of the prenyl moiety at C-5. This was supported by observation of NOEs between a methoxy proton at  3.98 and a methylene proton at  3.34 (H-1") on the dihydrofuran ring and between a methyl proton at  2.57 and a methoxy proton at  3.98. These results confirmed the proposed structure of 2. On the basis of these data, the structure of acrophenone E was concluded to NPC Natural Product Communications 2016 Vol. 11 No. 9 1299 -1302 
2.65 (dd, 16.5, 6.1)
3.76 (dd, 6.1, 4.9) 69. be that shown in formula 2 (Figure 1 ), except for the absolute stereochemistry.
Acrophenone F (3) was isolated as a colorless oil, C 18 H 20 O 5 . The IR spectrum showed absorption bands due to hydroxy and conjugated carbonyl groups. The 1 H NMR spectral data of 3 (Table 1) were similar to those of 2, except for the presence of a 3H-singlet at  2.52 and a lone singlet at  7.61, instead of the signals of a dihydrofuran ring bearing a 1-hydroxy-1-methylethyl moiety at C-2". These signals, coupled with the 13 C NMR signals at δ 112.2 (d), 151.9 (s), 188.3 (s), and 26.5 (q), suggested the presence of a furan ring bearing an acetyl moiety at C-2". In the HMBC experiment (Table 1) , the C-H long-range correlations of H-1" with C-6 and C-7 indicated placement of a furan ring bearing an acetyl moiety at C-6/C-7. This was supported by observation of NOEs between a methoxy proton at  4.18 and a singlet proton at  7.61 (H-1") on the furan ring, between a methyl proton at  2.52 and a singlet proton at  7.61 (H-1"), and between a methyl proton at  2.65 and a methoxy proton at  4.18. On the basis of the above results, the structure of acrophenone C was established as 3.
Six known compounds were also isolated and identified by comparison of their physical data with those published. These were prenylacronylin (4) [4] , acronyculatin E (5) [5] , acronyculatin B (6) [5] , acronylin (7) [4] , acropyrone (13) [6] , and acrovestone (14) [2] .
Acetophenones (4-14) were tested for their anti-tumor-promoting activity using a short-term in vitro assay of TPA-induced EBV-EA activation in Raji cells; insufficient material was available of the minor new acetophenones (1-3). We previously reported acetophenones 8-12 from the stems of A. pedunculata [1] . The inhibitory effects on the activation of the virus genome and the viabilities of Raji cells, and their 50% inhibitory concentration (IC 50 ) values, are shown in Table 2 . All the tested acetophenones showed potent dose-dependent inhibitory activity on EBV-EA induction by TPA. Of these compounds, prenylacronylin (4) and acronyculatin D (10) showed 8.5 and 10.4% inhibitory activity, even at low concentration (1 x 10 mol ratio/TPA) and fully blocked TPA-induced EBV-EA activation with only weak cytotoxicity against Raji cells at high concentration (1 x 10 3 mol ratio/TPA). These values correspond to an IC 50 of 306 and 300 mol ratio/TPA, and these values are lower than that of curcumin (IC 50 341), a typical antitumor promoter [7] . Except for acronylin (7) , the effects of the other eight compounds were comparable with the reference compound, curcumin. These results suggest that the prenylated acetophenones prenylacronylin (4) and acronyculatin D (10) might be valuable anti-tumor-promoting agents in several carcinogenesis test systems. A study examining the anti-tumor-promoting activity of these compounds in vivo is now in progress.
Experimental
General: Optical rotations were recorded on a DIP-370 (JASCO) in MeOH at 25°C, UV spectra on a UVIDEC-610C double-beam spectrophotometer (JASCO) in MeOH, and IR spectra on an IR-230 (JASCO) in CHCl 3 . 1 H and 13 C NMR, COSY, HMQC, HMBC (J = 8 Hz), and NOE spectra were measured on JNM A-600 and/or ECP-500 (JEOL) NMR spectrometers. Chemical shifts are shown in  (ppm) with tetramethylsilane (TMS) as an internal reference. All mass spectra were recorded under EI conditions, unless otherwise stated, using a HX-110 (JEOL) and/or a JMS-700 (JEOL) spectrometer with a direct inlet system. Preparative TLC was performed on Kieselgel 60 F 254 (Merck).
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Plant materials:
The plant materials used in this study, Acronychia pedunculata (L.) Miq. (Rutaceae), were collected in Taipei Hsien, Taiwan, in April 1986. The plants were identified by Professor C. S. Kouh of the National Cheng-Kung University, Taiwan, and a voucher specimen was deposited in the herbarium of Cheng-Kung University.
Extraction and isolation:
The dried roots (600 g) of A. pedunculata were extracted at room temperature with acetone. The solvent was then evaporated under reduced pressure to give the acetone extract (33 g). Part of this (15 g) was subjected to silica gel column chromatography (CC) eluted with n-hexane-acetone (10:1 
In vitro EBV-EA activation experiments:
The inhibition of EBV-EA activation was assayed using the same method described previously [8] . In brief, Raji cells were grown to a density of 10 6 cells/mL, harvested by centrifugation, and resuspended in RPMI 1640 medium (Nakalai Tesque, Kyoto, Japan) with 10% FCS containing 4 mM n-butyric acid as inducer, 32 pmol of TPA (20 ng/mL in DMSO), and 32, 16, 3.2, or 0.32 nmol of the test compound (DMSO solutions). The cells were incubated at 37 o C for 48 h. Cell numbers and viability were determined after 48 h using a hemocytometer (Trypan Blue staining method). Untreated cultures served as controls. EBV-EA inhibitory activity of the test compounds was estimated based on the percentage of the number of positive cells compared with that observed for the control without the test product. In each assay, at least 500 cells were counted and the results were read blind.
